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SEMICONDUCTOR DEVICE HAVING SEMICONDUCTOR CIRCUIT FORMED 
BY SEMICONDUCTOR ELEMENTS AND METHOD FOR MANUFACTRUING THE SAME 

BACKGROUND OF THE INVENTION 
5 1 . Fiel d of the Invention 

The present invention relates to a structure of a 
semiconductor device having a semiconductor circuit comprised 
of semiconductor elements such as insulated gate transistors 
and a method for manufacturing the same. More particularly, 

10 the invention relates to a structure of a semiconductor device 
having a semiconductor circuit comprised of semiconductor 
elements having an LDD structure formed of organic resin and 
a method for manufacturing the same. Semiconductor devices 
according to the invention include not only elements such as 

15 thin film transistors (TFTs) and MOS transistors but also 
displays having a semiconductor circuit and electro-optical 
devices such as image sensors formed by such insulated gate 
transistors. In addition, semiconductor devices according to 
the invention include electronic equipments loaded with such 

20 displays and electro-optical devices. 

9 np.finription of the Related Art 

TFTs have been conventionally used as switching elements 
of active matrix liquid crystal displays (hereinafter 
25 abbreviated to read "AMLCD"). The market is currently 
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dominated by products having circuits formed by TFTs utilizing 
an amorphous silicon film as an active layer. Particularly, 
a widely used TFT structure is the reverse staggered structure, 
which allows simple manufacturing steps. 
5 However, the accelerating trend toward AMLCDs with higher 

performance in recent years has resulted in more severe 
requirements on the operational performance (especially, 
operating speed) of TFTs. It has therefore become difficult 
to provide elements having sufficient performance utilizing 

10 TFTs comprising amorphous silicon films because of their 
operating speed. 

Under such circumstances, TFTs utilizing polycrystalline 
silicon films (polysilicon films) have come into focus in place 
of amorphous silicon films, which has significantly accelerated 

15 the development of TFTs utilizing a polycrystalline silicon 
film as an active layer. Presently, some products have already 
been introduced . 

Many reports have already been made on structures of 
reverse staggered TFTs utilizing a polycrystalline silicon film 

20 as an active layer. However, conventional reverse staggered 
structures have had various problems. 

First, since an active layer as a whole employed in such 
structures is as very thin as about 50 nm, impact ionization 
occurs at the junction between a channel formation region and 

25 a drain region, which results in significant deteriorating 
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phenomena such as the implantation of hot carriers. This 
necessitates the formation of an LDD region (light doped drain 
region) . 

It is expected that at least eight masks are required (for 
processes up to the formation of source and drain electrodes) 
to form such an LDD region in a conventional reverse staggered 

TFT structure. 

As described above, in a conventional reverse staggered 
TFT structure , an LDD region must be formed in a horizontal plane 
on both sides or one side of a channel formation region, which 
makes it very difficult to form LDD regions with 
reproducibility . 

It is an object of the invention to provide a technique 
for manufacturing semiconductor devices with high mass- 
productivity, reliability and reproducibility through very 
simple manufacturing steps. 

STTMMARV O F THK INVENTION 

According to a first aspect of the invention, there is 
provided a semiconductor device including a semiconductor 
circuit formed by semiconductor elements, characterized in that 

it comprises : 

a gate line provided on an insulated surface; 

a gate insulating film in contact with the gate line; 

a channel formation region provided on the gate line with 
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the gate insulating film interposed therebetween; 

a low density impurity region in contact with the channel 

formation region; 

,a high density impurity region in contact with the low 

density impurity region; 

a protective film in contact with the channel formation 

region ; and 

organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective film. 

According to a second aspect of the invention, there is 
provided a semiconductor device including a semiconductor 
circuit formed by semiconductor elements . characterized in that 

it comprises: 

a gate line provided on an insulated surface; 

a gate insulating film in contact with the gate line; 

a channel formation region provided on the gate line with 
the gate insulating film interposed therebetween; 

a low density impurity region provided on one side of the 

channel formation region; 

a drain region constituted by a first high density impurity 
region in contact with the low density impurity region; 

a source region constituted by a second high density 
impurity region provided on the other side of the channel 

formation region; 

a protective film in contact with the channel formation 
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region ; and 

organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective film. 

According to a third aspect of the invention, there is 
5 provided a semiconductor device including a semiconductor 
circuit formed by semiconductor elements , characterized in that 

it comprises: 

a gate line provided on an insulated surface; 

a gate insulating film in contact with the gate line; 
10 a channel formation region provided on the gate line with 

the gate insulating film interposed therebetween; 

a first low density impurity region and a second low 
density impurity region in contact with the channel formation 
region; 

15 a high density impurity region on contact with the first 

low density impurity region and the second low density impurity 
region; 

a protective film in contact with the channel formation 
region; and 

organic resin doped with a trivalent or pentavalent 
impurity in contact with the protective film and in that the 
width of the first low density impurity region in the direction 
of the channel length is different from the width of the second 
low density impurity region in the direction of the channel 
25 length. 
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There is provided a configuration according to each of the 
above-described aspects, characterized in that the gate line 
has a single-layer or multi-layer structure and is made of one 
kind of element selected from among tantalum, copper, chromium, 
5 aluminum, molybdenum, titanium and silicon or a material 
primarily constituted by silicon doped with a p-type or n-type 
impurity. 

There is provided a configuration according to each of the 
above-described aspects, characterized in that the trivalent 
10 or pentavalent impurity is phosphorus or boron. 

There is provided a configuration according to each of the 
above -described aspects, characterized in that the organic 
resin has photosensitivity. 

There is provided a configuration according to each of the 
15 above -described aspects, characterized in that the density of 
the trivalent or pentavalent impurity in the organic resin is 
1 X 10 19 atoms /cm 3 or more. 

There is provided a configuration according to each of the 
above -described aspects, characterized in that a catalytic 
20 element for promoting the crystallization of silicon is 
included in the high density impurity region. 

It is also characteristic of the invention that the 
catalytic element is at least one or a plurality of elements 
selected from among Ni, Fe. Co, Pt , Cu and Au and that the 
25 catalytic element is Ge or Pb . 
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In the context of the present specification, "initial 
semiconductor film" is a generic term for semiconductor films 
which typically means semiconductor films having amorphous 
properties, e.g., amorphous semiconductor films (amorphous 
5 silicon films and the like), amorphous semiconductor films 
including micro- crystals and micro-crystal semiconductor 
films . Such semiconductor films include Si films . Ge films and 
compound semiconductor films (e.g.. Si^Ge^ (0<X<1) which is 
an amorphous silicon germanium film, "x" typically being in the 
10 range from 0.3 to 0.95. Such an initial semiconductor film can 
be formed using, for example, low pressure CVD, thermal CVD. 
PCVD, sputtering or the like. 

In the context of the present specification, the term 
-crystalline semiconductor film" implies single crystal 
15 semiconductor films and semiconductor films including grain 
boundaries (including polycrystalline semiconductor films and 
micro-crystal semiconductor films) and clearly distinguishes 
them from semiconductors which are in an amorphous state in its 
entirety (amorphous semiconductor films). When the term 
20 "semiconductor film" is used in the present specification, it 
obviously implies not only crystalline semiconductor films but 
also amorphous semiconductor films. 

in the context of the present specification, the term 
-semiconductor element" implies switching elements and memory 
25 elements, e.g.. thin film transistors ( TFTs ) and thin film 
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diodes ( TFDs ) • 

A first method for manufacturing a semiconductor device 
including a semiconductor circuit formed by semiconductor 
elements according to the invention is characterized in that 
it comprises; 

a first step of sequentially forming a gate insulating film 
and an initial semiconductor film on an insulated surface having 
gate lines forced thereon such that they are stacKed without 
being exposed to the atmosphere; 

a second step of crystallizing the initial semiconductor 
film by irradiating it with infrared light or ultraviolet light 
to form a crystalline semiconductor film and an oxide film 

simultaneously; and 

a third step of covering a region to become a channel 
formation region of the crystalline semiconductor film with a 
.as* and doping a region to become a source region or drain region 
of the crystalline semiconductor film with the trivalent or 
pentavalent impurity element through the oxide film. 

The first method of manufacture described above is further 
characterized in that it comprises a step of retaining a 
catalytic element for promoting the crystallization of silicon 
i„ contact with the surface of the initial semiconductor film 
or within the film after the first step. 

According to the present invention, there is provided a 
, second method for manufacturing a semiconductor device 
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including a semiconductor circuit formed by semiconductor 
element, characterized in that it comprises the steps of: 

sequentially forming a gate insulating film, an initial 
semiconductor film and an insulating film on an insulated 
5 surface having gate lines formed thereon such that they are 
stacked without being exposed to the atmosphere; 

crystallizing the initial semiconductor film by 
irradiating it with infrared light or ultraviolet light through 
the insulating film to form a crystalline semiconductor film; 
10 and 

covering a region to become a channel formation region of 
the crystalline semiconductor film with a mask and doping a 
region to become a source region or drain region of the 
crystalline semiconductor film with a trivalent or pentavalent 
15 impurity element through the insulating film. 

The second method of manufacture described above is 
further characterized in that the gate insulating film, initial 
semiconductor film and protective film are formed using 

different chambers. y 
20 The second method of manufacture described above is 

further characterized in that the gate insulating film, initial 
semiconductor film and protective film are formed using the same 
chamber . 

The second method of manufacture described above is 
25 further characterized in that the gate insulating film and 
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protective film are formed using a first chamber and the initial 
semiconductor film is formed using a second chamber. 

The configuration of each of the methods for manufacture 
described above is characterized in that contaminants on the 
surface on which the initial semiconductor film is to be formed 
are reduced using active hydrogen or a hydride. 

The configuration of each of the methods for manufacture 
described above is characterized in that it comprises the step 
of forming a multi-layer film including a silicon nitride film 
as any of the layers as the gate insulating film. 

The configuration of each of the methods for manufacture 
described above is characterized in that it comprises the step 
of forming a multi-layer film including BCB (benzocyclobutene) 
as a part of the gate insulating film. 

Pr HTF . F ngfir.RTP TTQN of THF, PFAWTNGS 
Fig. 1 is a sectional view showing an example of a structure 
of a semiconductor device according to a first embodiment of 

the invention. 

Figs. 2A and 2B are plan views of a pixel matrix circuit 

and a CMOS circuit of the first embodiment. 

Figs. 3A through 3F illustrate steps for manufacturing 
TFTs according to the first embodiment. 

Figs. 4A through 4E illustrate steps for manufacturing 
TFTs according to the first embodiment. 
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Fig. 5 is a sectional view showing another example of a 
structure of a semiconductor device according to a fifth 
embodiment of the invention. 

Fig. 6 is a sectional view showing another example of a 
5 structure of a semiconductor device according to a sixth 
embodiment of the invention. 

Figs . 7A and 7B are sectional views of an example of a pixel 
ma trix circuit portion according to a seventh embodiment of the 
invention, and Fig. 7C is a plan view of the same. 
L0 Figs. 8A. 8B and 8C are a circuit diagram of an inverter, 

a plan view of the same and sectional views of examples of 
sectional structures of the same according to an eighth 
embodiment of the invention. 

Fig. 9 show a circuit diagram and a sectional structure 
16 of a buffer circuit according to a ninth embodiment of the 
invention. 

Pig . 10 illustrates a configuration of a semiconductor 
device (liquid crystal display) according to a tenth embodiment 

of the invention. 

Figs. 11A through 11F show examples of semiconductor 
devices (electronic equipments) according to a twelfth 
embodiment of the invention. 

Figs. 12A through 12D show examples of semiconductor 
devices (electronic equipments) according to the twelfth 
25 embodiment of the invention. 
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Fig. 13 illustrates an example of a film forming 
according to the first embodiment. 



rE T ft TT.F.n BES C EIEEIQM ™> BBEEBEED EMBODIMENTS 
Modes for carrying out the invention having the above - 
described configurations will now be described with reference 
to embodiment disclosed below. 

A first embodiment will now be described. A typical 
embodiment of the present invention will now be described with 
reference to Figs. 1 through 4. The present embodiment will 
be described with reference to a CMOS circuit that forms a part 
of a peripheral driving circuit portion and a pixel TFT that 
forms a part of a pixel matrix circuit portion provided on the 
same substrate. A description will be made with reference to 
Figs . 3 and 4 on a method for manufacturing a semiconductor 
device including a semiconductor circuit formed by 
semiconductor elements according to the invention. 

A substrate 100 is first prepared. The substrate 100 may 
be a glass substrate, a quartz substrate, an insulating 
substrate such as crystalline glass, a ceramic substrate, a 
stainless steel substrate, a metal (tantalum, tungsten, 
molybdenum or the like) substrate, a semiconductor substrate, 
a plastic substrate (polyethylene terephtalate substrate) or 
the like . in the present embodiment . a glass substrate (Coning 
1737 having a distortion point at 667QC) is used as the substrate 
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Next, an underlying film 101 Is formed on the substrate 
100 . A silicon oxide film, a silicon nitride film, a silicon 
nitride oxide film (S10.N,) or a multi-layer consisting of such 
films may be used as the underlying film 101. The underlying 
film 101 may have a thickness in the range from 200 to 500 nm. 
in the present embodiment, a silicon nitride film having a 
thickness of 300 nm was formed as the underlying film 101 to 
prevent contaminant from spreading from the glass substrate. 
Although the present invention may be implemented without the 
underlying film, the underlying film is preferably provided to 
achieve good TFT characteristics. 

A gate line 102 having a single-layer or multi-layer 
structure is formed (Fig . 3A) . The gate line 102 has a structure 
including at least one layer primarily constituted by silicon 
(Si) . silicide or the like doped with a conductive material or 
a semiconductor material, e.g.. aluminum (Al). tantalum (Ta, . 
copper (CU). niobium (Nb). hafnium (Hf). zirconium (Zr). 
titanium (Ti>. chromium (Cr) or a p-type or n-type impurity. 
In the present embodiment, the gate line 102 has a multi-layer 
structure constituted by a tantalum layer 102a having a tantalum 
oxide layer 102b on the surface thereof. In the present 
embodiment, the gate line was formed by patterning a tantalum 
film and by oxidizing the surface thereof through anodization 
, thereafter. Tantalum is a preferable material that causes less 
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shift of the threshold of a TFT because its work function is 
close to that of silioon. The gate line 102 used preferably 
has a thickness in the range from 10 to 1000 nm. more preferably, 
in the range from 30 to 300 nm. A step may be adopted to form 
an anodio film or insulating film only on the surfaoe or upper 
surface of the gate line. In order to prevent impurities from 
spreading from the substrate and gate line to the gate 
insulating film during manufaoture. a step may be added to form 
an insulating film to cover the gate line and substrate. When 
a multiplicity of gate lines are formed from a large substrate, 
at least one layer made of copper may be formed on the gate lines 
using Plating or sputtering. Which is preferable in reducing 
the resistance of the line. 

Next, a gate insulating film 103 and a semiconductor film 
10 4 are sequentially formed into a multiplicity of layers 
without exposing them to the atmosphere (Fig. 3B). While any 
means such as plasma CVD and sputtering may be used to form them 
at this time, it is important to block them from the atmosphere 
in order to prevent any contaminant in the atmosphere from 
sticking to any layer interface. Active hydrogen or a hydride 
is preferably used on the surface on which the semiconductor 
film is to be formed immediately before the formation of the 
film in order to reduce contaminant. 

!„ the present embodiment, a silicon nitride oxide film 
5 having a thickness of !25 nm and an amorphous silicon film having 
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a thickness of 50 nm were formed as the gate insulating film 
103 and semiconductor film 104 respectively to into a multi- 
layer structure . Obviously, the thickness of each of the films 
is not limited to the present embodiment and may be 
5 appropriately determined by a person who carries out the 
invention. In the present embodiment, the multi-layer 
structure was formed by using a multi-chamber (an apparatus as 
shown in Fig. 13) including a first chamber 44 exclusively used 
to form the gate insulating film and a second chamber 4 5 
10 exclusively used to form the semiconductor film (an amorphous 
silicon film in this case) and by moving the films through the 
chambers without exposing them to the atmosphere. The 
multi-layer structure may also be formed using the same chamber 
with the reactive gas replaced. 
15 a silicon oxide film, a silicon nitride film, a silicon 

nitride oxide film (SiO x N y ). a multi-layer film consisting of 
them or the like having a thickness in the range from 100 to 
400 nm (typically in the range from 150 to 250 nm) may be used 
as the gate insulating film 103. While the present embodiment 
20 employs a single-layer insulating film as the gate insulating 
film, a multi-layer structure consisting of two, three or more 

layers may be used. 

The semiconductor film 104 maybe an amorphous silicon film, 
an amorphous semiconductor film including microcrystals . a 
25 microcrystalline semiconductor film, an amorphous germanium 
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film, an amorphous silicon germanium film expressed by Si.Ge,., 
(0<X<1) or a multi-layer film consisting of them having a 
thickness in the range from 20 to 70 nm (typically in the range 

from 40 to 50 nm) . 
5 When the state shown in Fig. 3B is thus achieved, the 

semiconductor film 104 is irradiated with infrared light or 
ultraviolet light to be crystallized (hereinafter referred to 
as "laser crystallization"). In the present embodiment, the 
irradiation with infrared light or ultraviolet light is carried 
10 out in the atmosphere, in oxygen or in an oxidizing atmosphere 
to form the oxide film 105 simultaneously with the formation 
of the crystalline semiconductor film 106 through laser 
crystallization. When ultraviolet light is used for the 
crystallization technique, excimer laser light or intense light 
15 generated by an ultraviolet lamp may be used. When infrared 
light is used, infrared laser light or intense light generated 
by an infrared lamp may be used. Excimer laser light is shaped 
into linear beams to be used for irradiation according to the 
present embodiment. Referring to irradiating conditions, the 
20 pulse frequency is 150 Hz; the overlap ratio is in the range 
from 80 to 98 % (actually. 96 % in the present embodiment); and 
the laser energy density is in the range from 100 to 500 mJ/cm> 
and. preferably, in the range from 280 to 380 mJ/cm* (actually, 
350 mJ/cm 2 in the present embodiment) . Referring to conditions 
25 for laser crystallization (laser light wavelength, overlap 



16 



ratio. irradiation intensity, pulse width, repetitive 
frequency, irradiation time and the like) may be appropriately 
determined by the person who carries out the invention in 
consideration to the thickness of the semiconductor film 104. 
5 the substrate temperature and the like. Depending on the 
conditions for laser crystallization, the semiconductor film 
may be crystallized after being melted, and the semiconductor 

film may be crystallized in a solid phase or in a state which 

is intermediate between solid and liquid phases without being 
10 melted. Laser light is continuously moved at a constant speed 

to keep the overlap ratio constant in any region with variation 

of ±10 %. 

While laser crystallization is used as the crystallizing 
technique in the present embodiment, other well-known means 
15 such as solid state epitaxy with and without a catalytic element . 
While an oxide film is formed simultaneously with laser 
crystallization according to the present embodiment, a step may 
be employed to form a thin insulating film (a silicon oxide film, 
silicon nitride film, silicon nitride oxide film or the like) 
20 before or after the laser irradiation or to perform laser 
crystallization in an inert atmosphere so as not to form an oxide 
film. 

The step shown in Fig. 3C may be followed by a step of 
selectively doping the channel formation region with an 
25 impurity in order to control the threshold. 
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Next, the gate insulating film, crystalline semiconductor 
film and the oxide film are patterned to form an active layer 
107 and a first protective film 108 (Fig. 3D) . The patterning 
may be carried out after a subsequent step of doping with an 
impurity. 

Next, a second protective film 109 constituted by a nitride 
film is formed on the entire surface of the substrate to protect 
the active layer (Fig. 3E) . The second protective film 109 may 
be a silicon oxide film, silicon nitride film, silicon nitride 
oxide film (SiO^) or a multi-layer film consisting of them 
having a thickness in the range from 3 to 200 nm (typically in 
the range from 25 to 50 nm) . A configuration excluding such 
a second protective film may be employed. 

A first mask (a resist mask in the present embodiment) 110a 
having a thickness in the range from 1 to 3 urn is then formed 
in contact with the second protective film 109 over the gate 
line by means of exposure to light from the rear surface (Fig. 
3F) . Referring to the material for the first mask, a positive 
or negative type photosensitive organic material (e.g., 
photoresist, photosensitive polyimide or the like), organic 
resin (polyimide, polyimide amide, polyamide or the like), a 
silicon oxide film, a silicon nitride film or silicon nitride 
oxide film (SiO x N y ) may be used. 

The first mask may be formed by patterning an inorganic 
insulating film and leaving the patterning mask made of organic 
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resin therefor as it is, and this provides a multi-layer 
structure in which the inorganic insulating film is the lower 
layer and the organic resin is the upper layer. 

Since no mask is required for the formation of resist 

5 through exposure to light from the rear surface, the number of 
masks required for manufacture can be reduced. While the 
present embodiment has referred to an example wherein the width 
of the first mask in the direction of the channel length is 
slightly smaller than the width of the gate line because of 

10 wraparound of light, they may be substantially the same, and 
a person who carries out the invention may change the width of 
the first mask in the direction of the channel length 

appropriately . 

The present specification is based on an assumption that 
15 the direction of departing from the substrate 100 is an upward 
direction and the direction of approaching the substrate is a 
downward direction when the substrate 100 is cut in a plane 
perpendicular to the surface thereof. 

A first impurity is added through the first protective film 
20 108 and second protective film 109 using the first mask 110a 
to form a low density impurity region (n'-type region) 111 (Fig. 
4A) . The present embodiment employs phosphorus as the impurity 
to provide n-type conductivity which is adjusted such that the 
n"type region indicated by 111 has a phosphorus density in the 
25 range from 1 X 10 1S to 1 X 10 17 atoms/cm 3 on the basis of SIMS 
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analysis . At this time . the first mask is doped with phosphorus 
to become a first mask 110b containing a low density of 
phosphorus . 

Next, a second mask (made of photosensitive polyimide 
resin in the present embodiment) 113a having a thickness in the 
range from 1 to 3 urn is formed in contact with the second 
protective film 109 or first mask 110b of the n-channel type 
TFT (Fig. 4B) . Referring to the material for the second mask, 
a positive or negative type photosensitive organic material 
(e.g., resist, photosensitive polyimide or the like), organic 
resin (polyimide. polyimide amide, polyamide or the like), a 
silicon oxide film, a silicon nitride film or silicon nitride 
oxide film (SiO x N y ) may be used. 

A second impurity is added to form a high density impurity 
region (n*-region) 114 through the first protective film 108 
and second protective film 109 using the second mask 113a (Fig. 
4C). In the present embodiment, the second mask is patterned 
into a desired configuration to allow an LDD region to be formed 
with high controllability. In the present embodiment, an 
adjustment is made such that the n'-type region indicated by 
114 has a phosphorus density in the range from 1 X 10 20 to 8 
X 10 21 atoms/cm 3 on the basis of SIMS analysis. A first mask 
110c of the p-channel type TFT is doped with a high density of 
phosphorus. A second mask 113b is similarly doped with a high 
density of phosphorus . A first mask 110b and a second mask 113b 
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at the channel formation region of the n-channel type TFT 
prevent the channel formation region from being doped with 
phosphorus . 

The first and second steps of doping with impurities form 
an LDD structure. The boundary between the n"-type and n*-type 
regions is determined by the pattern of the second mask. The 
n + -type region 114 of the n-channel type TFT serves as a source 
or drain region, and the n"-type region serves as a low density 
impurity region (LDD region) 115. 

At the first and second steps of doping with impurities , 
the first masks 110b and 110c and the second mask 113b doped 
with phosphorus are darkened. A step may be added to darken 
the first masks and the second mask further. 

Next, the n-channel type TFT is covered with a third mask 
116 and is doped with a third impurity through the first and 
second protective films 108 and 109, thereby forming a high 
density impurity region (p-type region) 117 (Fig. 4D) . In the 
present embodiment, boron is used as an impurity to provide 
p-type conductivity, and the dose of boron is set such that the 
density of boron ions in the p-type region is greater than the 
density of the phosphorus ions added to the n*-type region by 
a factor in the range from about 1 . 3 to 2 . A first mask HOd 
of the p-channel type TFT is doped with boron at a high density. 
Similarly, a third mask 116 is doped with boron. The first, 
second and third masks, i.e.. organic resin . include a trivalent 
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' impurity (boron in this embodiment) or a pentavalent impurity 
(phosphorus in this embodiment) at a density of 1 X 10" atoms/cm 3 
or more. The p-type region 117 of the p-channel type TFT serves 
as a source or drain region. The region which has been doped 
5 with neither phosphorus ions nor boron ions becomes an intrinsic 
or substantially intrinsic channel forming region 112 to serve 
as a carrier moving path later. 

in the context of the present specification, an intrinsic 
region is a region which does not include any impurity that can 
L0 cause the Fermi level of silicon . and a substantially intrinsic 
region is a region in which electrons and holes are perfectly 
balanced to cause conductivity types to cancel each other .I.e.. 
a region including an impurity to provide the n-type or p-type 
conductivity at a density range in which threshold control is 
IB possible (in the range from 1 X 10» to 1 X 10» atoms/cm 3 on the 
oasis of SIMS analysis) or a region which is intentionally doped 
with opposite conductivity type impurity to cause the 
conductivity types to cancel each other. 

The doping with the first through third impurities may be 
20 carried out using well-lcnown means such as ion implantation, 
plasma doping and laser doping. The doping conditions, dose, 
acceleration voltage and the like are adjusted such that a 
desired amount of impurity ions penetrate through the first 
protective film 108 and the second protective film 109 to be 
25 added to a predetermined region of the active layer. 
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Further, no contaminant especially boron enters the active 
layer from the atmosphere because impurities are implanted from 
above the second protective film 109 at the first, second and 
third steps of doping with impurities. Since it is therefore 
5 possible to control the density of the impurities in the active 
layer, fluctuation of the threshold can be suppressed. 

After the high density impurity region 117 to serve as a 
source or drain region is thus formed, only the third mask 116 
is selectively removed. The selective removing step may be 
10 implemented by using a material different from that for the 
first and second masks for the third mask. The first and second 
protective films 108 and 109 serve as an etching stopper at this 
mask removing step. No contaminant enters the crystalline 
semiconductor film especially the channel formation region 112 
15 at this mask removing step because the first and second 
protective films have been formed. 

A well-known technique, e.g. , thermal annealing or laser 
annealing is then performed to achieve the effect of activating 
the impurity in the source and drain regions or the effect of 
20 recovering the crystal structure of the active layer which has 
been damaged at the doping step. 

Finally, a layer insulating film 118 is formed which is 
made of organic resin such as polyimide . polyimideamide , 
polyamide or acrylic or constituted by a silicon oxide film, 
25 a silicon nitride film, a silicon nitride oxide film (expressed 
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by SiO x N y ) or a multi-layer film consisting of them; contact 
holes are formed to expose the source and drain regions; and. 
thereafter, a metal film is formed and patterned to form metal 
lines 119 through 123 in contact with the source and drain 
regions (Fig. 4E). This completes the manufacture of a CMOS 
circuit portion formed by n-channel type and p-channel TFTs and 
a pixel matrix circuit portion formed by n-channel type TFTs 
according to a mode for carrying out the invention. 

A description will now be made with reference to Fig. 1 
on a configuration of a semiconductor device including a 
semiconductor circuit utilizing semiconductor elements formed 
according to the above -described manufacture steps. In the 
present embodiment, for simplicity, the illustration shows only 
a CMOS circuit portion forming a part of a peripheral driving 
circuit portion and pixel TFTs (n-channel type TFTs) forming 
a part of a pixel matrix circuit portion on the same substrate. 

Figs. 2A and 2B are plan views associated with Fig. 1. In 
Figs. 2A and 2B. the section cut along the dotted line A- A' 
corresponds to the sectional structure of the pixel matrix 
circuit portion in Fig. 1, and the section cut along the dotted 
line B-B' corresponds to the sectional structure of the CMOS 
circuit portion in Fig . 1 . The reference numbers used in Figs . 
1. 2A and 2B are the same as those used in Figs. 3A through 3F 
and Figs. 4A through 4E. For simplicity of illustration. Figs. 
2A and 2B do not show the first and second masks. 
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In Fig. 1. all of the TFTs (thin film transistors) are 
formed on the underlying film 101 provided on the substrate 100 . 
For the p-channel type TFT in the CMOS circuit, the gate line 
102 is formed on the underlying film, and the gate insulating 
5 film 103 is provided on the same. The p-type region 117 (source 
or drain region) and the channel formation region 112 are formed 
as active layers on the gate insulating film. The active layers 
are protected by the first protective film 108 and the second 
protective film 109 which have the same pattern. Contact holes 
10 are formed on the first layer insulating film 118 made of organic 
resin covering the second protective film 109 to connect the 
lines 119 and 120 to the p-type region 117. A second layer 
insulating film 125 is formed thereon; an extraction line 126 
is connected to the line 119 and a third layer insulating film 
15 129 is formed thereon to cover the same. The first mask HOd 
having light blocking properties is formed on the second 
protective film over the channel formation region to protect 
the channel formation region from deterioration. The first 
mask HOd is doped with a trivalent impurity (boron in the 
20 present embodiment) and a pentavalent impurity (phosphorus in 
this embodiment) at a density of 1 X 10 1 ' atoms/cm 3 or more. 

The n-channel type TFT is formed with the n'-type regions 
114 (source or drain region) as active layers, the channel 
formation region 112 and the n'-type region (LDD region) 115 
25 between the n'-type region (drain region) and the channel 
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formation region . The lines 120 and 121 are respectively formed 
in the drain region and source region among the n*-type regions 
114, and the lead line 127 is further connected to the line 121. 
Its structure is substantially the same as that of the p-channel 
type TFT in regions other than the active layer . The first masks 
(110b and 110c) are formed at least on the second protective 
film over the channel formation region 112 . and a second mask 
113b having light blocking properties is formed on the second 
protective film over the drain region which is one of the n'-type 
regions 114 to protect the channel formation region and the 
n-type reg ions from the deterioration of light. 

The n- channel type TFTs formed in the pixel matrix circuit 
have the same structure as that of the n-channel TFT of the CMOS 
circuit up to the region where the gate insulating film 103 is 
formed. In the n-channel type TFTs formed in the pixel matrix 
circuit, since deteriorating phenomena such as hot carrier 
implantation can occur between the n*-type regions 114 and the 
channel formation regions 112 connected to the lines 122 and 
123, the n'-type regions (LDD regions) 115 are formed between 
the n--type regions and channel formation regions connected to 
the lines , and no n- type region ( LDD region ) is provided between 
adjoining channel formation regions. The first and second 
masks used to form the n'-type regions (LDD regions) 115 are 
left as they are to be used as light-blocking films . The second 
layer insulating film 125 and a black mask 128 are formed on 
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the first layer insulating film 118 with the lines 122 and 123 
formed thereon. The third layer insulating film 129 is formed 
thereon, and a pixel electrode 130 constituted by a transparent 
conductive film made of ITO. Sn0 2 or the like is connected to 
the same. The black mask covers the pixel TFTs and cooperates 
with the pixel electrode 130 to form an auxiliary capacity. 

In the present embodiment, since a resist mask is formed 
through exposure to light at the rear surface, a mask is provided 
over the gate line to reduce any capacity that the gate line 

forms with the lines. 

While a transmission type LCD is manufactured as an example 
in the present embodiment . the invention is not limited thereto . 
For example, a reflective metal material may be used as the 
material for the pixel electrode, and a reflection type LCD may 
be manufactured by changing the patterning of the pixel 
electrode or adding and deleting several steps appropriately. 

While the gate lines of the pixel TFTs of the pixel matrix 
circuit have a double gate structure in the present embodiment, 
a multi-gate structure such as a triple gate structure may be 
used to reduce variation of the off -current. A single gate 
structure may be used to improve the numerical aperture . 

A second embodiment will now be described. The present 
embodiment is an example in which a crystalline semiconductor 
film is obtained using a method different from that in the first 
embodiment . In the present embodiment , a step is added between 
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the steps shown in Figs. 3B and 3C of the first embodiment to 
cause a catalytic element for promoting crystallization to he 
carried on the entire surface of the semiconductor film or to 
D e selectively carried. Since the present embodiment is 
5 substantially the same as the first embodiment in the basic 
configuration, the following description will address only 

differences between them. 

The present embodiment is identical to the first 
embodiment up to the step of forming the semiconductor film 104 

10 (Fig- 3B). 

According to the present embodiment, a catalytic element 

for promoting the crystallization of silicon is introduced on 
the surface of the semiconductor fill. 104. As the catalytic 
element for promoting the crystallization of silicon, one or 
15 a plurality of elements selected from among Ni . Fe . Co . Ft . Cu , 
Au and Ge are used. In the present embedment . Ni is used among 
the catalytic elements because of its high speed in spreading 
in an amorphous silicon film and its excellent cry stallinlty . 
The introduction of the catalytic element is not limited 
20 to any particular locations, and the element is introduced on 
the entire surface of the amorphous silicon film or selectively 
on the surface by forming a mas* appropriately. A step may he 
employed to introduce the catalytic element on the rear surface 
of the amorphous silicon film or on both of the front and rear 
25 surfaces. 
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There is no limitation on the method for introducing a 
catalytic element to the amorphous silicon film as long as it 
allows the catalytic element to be put in contact with the 
surface of the amorphous silicon film or it allows the catalytic 
element to be retained in the amorphous silicon film. For 
example, it is possible to adopt sputtering . CVD . plasma 
processing, absorption, ion implantation or a method of 
applying a solution including a catalytic element . The method 
utilizing a solution is easy to implement and is advantageous 
in that the density of a catalytic element can be easily adjusted. 
Various salts may be used as the metallic salt, and usable 
solvents other than water include alcohols, aldehydes, ethers, 
other organic solvents or solvents obtained by mixing water and 
organic solvents. In the present embodiment, the method of 
applying a solution is used to apply a solution including nickel 
in the range from 10 to 10000 ppm and, preferably, in the range 
from 100 to 10000 ppm (by weight) . The dose must be adjusted 
appropriately in consideration to the thickness of the 
amorphous silicon film. The density of nickel in the amorphous 
silicon film thus obtained is in the range from 1 X 10 19 to 1 

X 10 21 atoms /cm 3 . 

After a catalytic element is introduced into the amorphous 
silicon film as described above, crystallization is conducted 
by irradiating the film with laser light to obtain a crystalline 
silicon film. A heating step at a high temperature may be added 
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in place of the irradiation with laser light . A gettering step 
ma y be added to reduce the number of catalytic elements in the 



film. 



Subsequent steps provide a semiconductor device as shown 
5 in Fig. 1 according to the first embodiment. 

A third embodiment of the invention will now be described. 
The present invention is an example in which a crystalline 
semiconductor film is obtained using a method different from 
that for the first embodiment. In the present embodiment 
10 relates to a method wherein laser beams are shaped into a 
rectangular or square configuration to perform a uniform laser 
crystallization process throughout an area in the range from 
several cm 2 to several hundred cm 2 with irradiation at one time, 
thereby providing a crystalline silicon film. Since this 
IB embodiment is substantially the same as the first embodiment 
in its basic configuration, the description will address only 
differences between them. 

According to the present embodiment, irradiation is 
conducted with excimer laser light which is processed into a 
20 planar configuration at the step shown in Fig. 3C. The laser 
light must be processed into a planar configuration such that 
an area on the order of several tens cm 2 (preferably 10 cm') 
or more can be irradiated at a time. In order to anneal the 
irradiated surface as a whole with a desired laser energy 
25 density, a laser apparatus that provides output having total 



30 



10 



15 



20 



25 



energy of 5 J or more and preferably 10 J or more is used. 

in this case, the energy density is in the range from 100 
to 800 mJ/ctn 2 , and the output pulse width is 100 nsec. or more 
and is preferably in the range from 200 nsec . to 1 msec . A pulse 
width in the range from 200 nsec. to 1 msec, can be achieved 
by connecting a plurality of laser devices and by operating the 
laser devices asynchronously to achieve a state of mixture of 
a plurality of pulses . 

The use of laser light having a planar beam configuration 
as in the present embodiment makes it possible to irradiate a 
large area with uniform laser light . That is . the active layer 
will have uniform crystallinity (in terms of also grain size 
and defect density), and variation of electrical 
characteristics of TFTs can be reduced. 

The present embodiment can be easily combined with the 
first or second embodiment in flexible modes of combination. 

A fourth embodiment of the invention will now be described. 
The present embodiment is an example wherein an insulating film 
and a crystalline semiconductor film are obtained using a method 
different from that of the first embodiment. 

According to the present embodiment, a silicon nitride 
oxide film having a thickness of 125 nm as a gate insulating 
film, an amorphous silicon film having a thickness of 50 nm as 
an initial semiconductor film and a silicon nitride oxide film 
having a thickness of 15 nm as an insulating film are formed 
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into a multi-layer configuration without being exposed to the 
atmosphere. Obviously, the thickness of each film is not 
limited to the present embodiment and may be appropriately 
determined by a person who carries out the invention. A 
5 configuration may also be employed in which a multiplicity of 
layers are formed by replacing reactive gasses in the same 
chamber. Active hydrogen or a hydride is preferably used on 
the surface on which the film is to be formed before the initial 
semiconductor film is formed to reduce contaminant. 
10 Thereafter, the initial semiconductor film is irradiated 

with infrared light or ultraviolet light to be crystallized 
(hereinafter referred to as "laser crystallization') . In the 
present embodiment, excimer laser light is shaped into linear 
beams to be used for irradiation. Referring to irradiating 
15 conditions, the pulse frequency is 150 Hz; the overlap ratio 
is in the range from 80 to 98 % ( 96 % in the present embodiment ) ; 
and the laser energy density is in the range from 100 to 500 
mJ/cm' and, preferably, in the range from 150 to 200 mJ/cm* (175 
mJ/cm 2 in the present embodiment) . Referring to conditions for 
20 laser crystallization (laser light wavelength, overlap ratio, 
irradiation intensity, pulse width, repetitive frequency, 
irradiation time and the like) may be appropriately determined 
by the person who carries out the invention in consideration 
to the thickness of the insulating film, the thickness of the 
25 initial semiconductor film, the substrate temperature and the 
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like . 

This step crystallizes the initial semiconductor film to 
be transformed into a crystalline semiconductor film (a 
semiconductor film including crystals) . In the context of the 
5 present embodiment, a crystalline semiconductor film is a 
polycrystalline silicon film. At this step, no contaminant 
enters the initial semiconductor film from the atmosphere 
because the laser light is projected through the insulating film. 
That is . the initial semiconductor film can be crystallized with 
10 the interface of the initial semiconductor film kept clean. 

Thus, substantially the same state as that shown in Fig. 
3C is achieved. Subsequent steps (in Fig. 3D and later 
drawings) complete a semiconductor device as shown in Fig. 1 
according to the first embodiment. The present embodiment can 
15 be easily combined with the first or third embodiment in 
flexible modes of combination. 

A fifth embodiment of the invention will now be described. 
The present embodiment refers to an example of the manufacture 
of a TFT having a structure different from that in the first 
20 embodiment with reference to Fig . 5 . Plan views of Fig . 5 will 
correspond to Figs. 2A and 2B . 

According to the present embodiment, a multi-layer 
structure is provided in which an upper layer is constituted 
by a plastic substrate as a substrate 500 . silicon nitride oxide 
25 (expressed by SiO x N y ) as an underlying film 501 and a film made 
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of a material mainly composed of copper (Cu) as a gate line and 
in which a lower layer is constituted by a film made of a material 
mainly composed of tantalum. 

Next, a film made of an organic material, e.g., BCB 
(benzocyclobutene) for flattening irregularities between 
regions having gate lines and regions having no gate line is 
formed to a thickness in the range from 100 nm to 1 urn (preferably 
in the range from 500 to 800 nm) as a first insulating film 503. 
This step must provide a film thickness sufficient to flatten 
any step attributable to gate lines completely. Since a BCB 
film has a significant flattening effect, it can provide a 
sufficient flatness with a not so large thickness. 

After the first insulating film 503 is formed, a second 
insulating film (silicon nitride oxide film) 504. an initial 
semiconductor film (microcrystalline silicon film) and an 
insulating film (silicon nitride oxide film) to serve as a 
protective film 509 are sequentially formed into layers without 
exposing them to the atmosphere . The microcrystalline silicon 
film is formed at a temperature in the range from 80 to 300QC 
and preferably in the range from 140 to 200QC and with silane 
gas diluted by hydrogen (SiH 4 : H 2 -1,10 to 100) as the reactive 
gas . a gas pressure in the range from 0 . 1 to 10 Torr and discharge 
power in the range from 10 to 300 mW/cm 2 . Since the hydrogen 
density in the microcrystalline silicon film is low, the use 
of the same as the initial semiconductor film makes it possible 
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to delete a thermal process to reduce the hydrogen density. In 
the present embodiment , separate chambers exclusively used for 
the second insulating film, initial semiconductor film and 
protective film are prepared, and the films are continuously 
5 formed while the substrate is moved through the chambers without 
being exposed to the atmosphere. The insulating film and 
semiconductor film thus formed continuously are flat because 
they are formed on the flat surface. 

Then, excimer laser light is projected upon the protective 
10 film to modify the semiconductor film into a semiconductor film 
including crystals (polycrystalline silicon film). 
Conditions for this laser crystallization may be the same as 
those in the fourth embodiment. At this time, since the 
semiconductor film is flat, a polycrystalline silicon film 
15 having a uniform grain size can be obtained. Intense light, 
e.g. , RTA or RTP may be used for irradiation instead of laser 
light . 

Since a BCB film which can be easily flattened is used as 
the first insulating film 503, a semiconductor film having a 
20 flat surface can be provided. This makes it possible to 
maintain uniform crystallinity throughout the semiconductor 
film. 

Subsequent steps complete a semiconductor device as shown 
in, for example. Fig. 5 according to the first embodiment, 
although there is a slight difference in the design of the second 
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mask. 

Referring to Fig. 5. all TFTs (thin film transistors) are 
formed on an underlying layer 501 provided on a substrate 500. 
For a p-channel type TFT of a CMOS circuit, gate lines 502a and 
5 502b are formed on the underlying layer, and a first insulating 
film 503 and a second insulating film 504 made of BCB are provided 
thereon. A p-type region 508 (source or drain region) and a 
channel formation region 505 as active layers are formed on the 
second insulating film. The active layers are protected by a 
10 protective film 509 having the same configuration. A contact 
h0 le is formed through a first layer insulating film 510 
covering the protective film 509 to connect lines 511 and 512 
to the p-type region 508. A second layer insulating film 516 
is further formed thereon; an extraction line 517 is connected 
15 to the line 511 ; and a third layer insulating film 520 is formed 
to cover the same. A first mask having light blocking 
properties is formed at least on the protective film over the 
channel formation region to protect the channel formation 
region from deterioration attributable to light. 

Referring to the n-channel type TFT. an n*- type region 507 
(source or drain region) , channel formation region 505 and an 
n'-type region 506 between the n'-type region and channel 
formation region are formed as active layers. The 
region 507 is formed with lines 512 and 513, and an extraction 
25 line 518 is connected to the line 513. Regions other than the 
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active layers have substantially the same structure as that of 
the p-channel TFT. A first mask having light blocking 
properties is formed at least on the protective film over the 
channel formation region 505 and a second mask is formed on the 
5 protective film over the n-type region 506 to protect the 
channel formation region and n-type region from deterioration 
attributable to light . 

Referring to n- channel type TFTs formed in the pixel matrix 
circuit, lines 514 and 515 are connected to n*-type regions 507, 
10 and a second layer insulating film 516 and a black mask 519 are 
formed thereon. The black mask covers the pixel TFTs and forms 
an auxiliary capacity in cooperation with the line 515 . Further, 
a third layer insulating film 520 is formed therein, and a pixel 
electrode 521 constituted by a transparent conductive film such 
15 as ITO is connected thereto. 

The pixel matrix circuit of the present embodiment has a 
TFT structure in which a line capacity generated between the 
gate line 502 and the lines 514 and 515 is reduced by the first 
and second masks. According to the embodiment, a capacity 
20 between lines is reduced not only in the pixel matrix circuit 
but also in other regions by the masks are provided over the 
gate line because the resist masks are formed through exposure 
to light at the rear surface. 

TFTs manufactured according to the present embodiment 
25 exhibit electrical characteristics with less variation. The 
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present embodiment can be combined with the first , second, third 
or fourth embodiment . 

A sixth embodiment of the present invention will now be 
described. In the present embodiment, a description will be 
made with reference to Fig. 6 on an example of the manufacture 
of a TFT having a structure different from that in the first 
embodiment. The configuration of the CMOS circuit will be 
described only in areas of difference because it is 
substantially the same as that in the first embodiment. Plan 
views of Fig. 6 correspond to Figs. 2A and 2B . 

The present embodiment is the same as the first embodiment 
up to the formation of a glass substrate as a substrate, a silicon 
nitride oxide film (S±OJi Y ) as an underlying film and a gate 
line. 

According to the present embodiment, a first insulating 
film 601 is then selectively formed in the pixel matrix circuit . 

Thereafter, a second insulating film (which corresponds 
to the gate insulating film in the first embodiment) and an 
initial semiconductor film are sequentially formed into a 
multiplicity of layers without exposing them to the atmosphere 
just as in the first embodiment. In the present embodiment, 
a silicon nitride oxide film having a thickness in the range 
from 10 to 100 nm as a second insulating film 602 and an amorphous 
silicon film having a thickness of 50 nm as an initial 
semiconductor film are formed into a multiplicity of layers 
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using plasma CVD in the same chamber with a high degree of vacuum 
maintained therein. Obviously, the thickness of each of . the 
films is not limited to the present embodiment and may be 
appropriately determined by a person who carries out the 
invention. According to the present embodiment, the gate 
insulating films (first insulating film 601 and second 
insulating film 602) of the pixel matrix circuit are formed to 
provide a total thickness in the range from 100 to 300 nm. 

Description will be omitted for the CMOS circuit in Fig. 
6 because it has substantially the same configuration as that 
in the first embodiment . The n-channel type TFTs formed in the 
pixel matrix circuit have substantially the same as those in 
Fig. 1 according to the first embodiment except that the gate 
insulating film has a two-layer structure (first insulating 
film 601 and second insulating film 602). By selectively 
increasing the thickness of the gate insulating films as 
described above, reliability of circuits which must have a high 
withstand voltage (pixel matrix circuit . buffer circuit and the 

like) is improved. 

The pixel matrix circuit of the present embodiment has a 
TFT structure in which a line capacity generated between the 
gate line and other lines is reduced by a first and second masks 
just as in the first embodiment. According to the embodiment, 
a capacity between lines is reduced not only in the pixel matrix 
circuit but also in other regions by the masks are provided over 
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the gate line because the resist masks are formed through 
exposure to light at the rear surface. 

TFTs manufactured according to the present embodiment 
exhibit electrical characteristics with less variation. The 
present embodiment can be combined with any of the first through 
fifth embodiments. 

A seventh embodiment of the present invention will now be 
described. In the present embodiment, a description will be 
made with reference to Figs. 7A, 7B and 7C on an example of the 
manufacture of a pixel matrix circuit portion having a structure 
different from that in the first embodiment. While the gate 
lines of the pixel TFTs in the pixel matrix circuit portion of 
the first embodiment have a double gate structure, the present 
embodiment refers to an example wherein a triple gate structure 
is employed to reduce variation of the off -current. 

Fig. 7C is a plan view showing an example of the triple 
gate structure. Fig. 7A shows an example of the section taken 
along the dotted line A- A* in Fig. 7C. 

In Fig. 7A, 701 represents an n'-type region (LDD region) ; 
702 represents gate lines; 703 represents an n*-type region; 
704 and 705 represent lines; 706 represents a black mask; 707 
represents a pixel electrode; 708 and 709 represent layer 
insulating films; and 710 represents a second mask. This 
configuration is characterized in that the LDD region (with a 
width in the direction of the channel length in the range from 
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0.5 to 3 pm. typically in the range from i to 2 pm) is provided 
only in a region where it is required. According to the prior 
art, especially the self-alignment method, unnecessary LDD 
regions have been formed between adjoining channel formation 
5 regions . 

The present embodiment may be formed as an application of 
the first embodiment. The sectional structure shown in Fig. 
7A especially the n-type region (LDD region) and n'-type region 
can be easily formed by modifying the pattern of the second mask 
10 of the first embodiment. 

Further, the use of a pattern of the second mask different 
from that in Fig. 7A makes it possible to obtain a different 
with of the LDD region as shown in Fig. 7B without any increase 
in the number of steps. Fig. 7B is substantially the same as 
15 Fig. 7A except that a first n-type region 722 having a greater 
width in the direction of the channel length of the LDD region 
and a second n-type region 721 having a smaller width in the 
direction of the channel length of the LDD region are 
selectively formed. The width of the first n-type region 722 
20 in the direction of the channel length is in the range from 0 . 5 
to 3 pm and typically in the range from 1 to 2 pm. and the width 
of the second n-type region 721 in the direction of the channel 
length is in the range from 0 . 3 to 2 pm and typically in the 
range from 0.3 to 0.7 pm. The width of each of the n-type 
25 regions in the direction of the channel length can be freely 
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adjusted by the design of the mask. Therefore, the widths of 
the n'-type regions in the direction of the channel length may 
be appropriately determined by a person who carries out the 
invention depending on requirements associated with the circuit 
configuration . 

TFTs manufactured according to the present embodiment 
exhibit electrical characteristics with less variation. The 
present embodiment can be combined with any of the first through 
sixth embodiments. 

An eighth embodiment of the present invention will now be 
described. In the present embodiment, a description will be 
made with reference to Figs. 8A, 8B and 8C on an example of the 
circuit configuration of the CMOS circuit (inverter circuit) 
shown in the first embodiment. Terminal portions a. b, c and 
d in the inverter circuit diagram and the plan view of the 
inverter circuit in Fig. 8A correspond to each other. 

The sectional structure along the line A-A' of the inverter 
circuit in Fig . 8A is the same as that shown in Fig . 1 . Therefore , 
the structure shown in Fig. 8A can be provided according to the 
first embodiment. This circuit is formed by gate lines 801. 
a source electrode 802 of a p-channel type TFT, a source 
electrode 803 of an n-channel type TFT and a common drain 

electrode 804. 

Fig. 8B shows a sectional structure of the inverter circuit 
different from the sectional structure along the line A-A' in 
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Fig. 8A. To provide the structure shown in Fig. 8B, the pattern 
of a second mask 810 as in the first embodiment is modified to 
form a second mask 820 also in the p-channel type TFT. thereby 
forming a p"-type region 822 doped with boron at a low density 
and an n'-type region 821. A mask for achieving a low boron 
density is required to provide the structure shown in Fig. 8B. 

Fig. 8C shows a sectional structure of the inverter circuit 
different from the sectional structure along the line A-A' in 
Fig. 8A. To provide the structure shown in Fig. 8C, the pattern 
of the second mask 810 as in the first embodiment is modified 
to form a second mask 840. thereby forming n -type regions 841 
on both sides of the channel formation region. The width of 
each of the n"-type regions in the direction of the channel 
length can be freely adjusted through designing of the mask. 
Therefore, the width of the n'-type regions in the direction 
of the channel length may be appropriately determined by a 
person who carries out the invention according to requirements 
associated with the circuit configuration. Gate lines 831 are 
patterned after forming a tantalum film and thereafter forming 
an anodic film on the surface thereof to reduce the number of 
masks . 

The structures shown in Figs. 8A and 8B can be 
simultaneously fabricated on the same substrate without 
increasing the number of steps . The present invention makes 
it possible to form n'-type regions or p'-type regions having 
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various widths (in the direction of the channel length) on the 
same substrate. For example, it is possible to simultaneously 
fabricate a TFT having an n'-type regions on both sides of the 
channel formation region, a TFT having an n"type region on one 
side of the channel formation region, a TFT having n-type 
regions with different widths in the direction of the channel 
length on both sides of the channel formation region, a TFT 
having no n'type region on both sides of the channel formation 
region and the like on the same substrate without increasing 

the number of steps. 

The present embodiment may be combined with any one of the 

first through sixth embodiments. 

A ninth embodiment of the present invention will now be 
described. In the present embodiment, a description will be 
made with reference to Fig. 9 on an example of a configuration 
of a buffer circuit utilizing bottom-gate type TFTs shown in 
the first through sixth embodiments . The CMOS circuit is formed 
as a complementary combination of an n-channel type TFT and a 
p-channel type TFT formed on the same substrate. Terminal 
portions a. b, c and d in the buffer circuit diagram and the 

sectional structure view of the buffer circuit in Fig. 9 

correspond to each other. 

in the buffer circuit, as illustrated, an n-type region 

is preferably formed at least one side (the side of an output 

line terminal b) of the channel formation region of the n- 
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channel type TFT. To obtain the structure shown in Fig. 9, the 
pattern of the second mask 113 of the first embodiment is 
modified to form a second mask 910, thereby forming an n'-type 
region 901 on one side of the channel formation region. 

The present embodiment can be combined with any one of the 
first through sixth embodiments . 

A tenth embodiment of the present invention will now be 
described. In the present embodiment, an example of a liquid 
crystal display manufactured according to the invention will 
be described with reference to Fig. 10. Detailed description 
will be omitted for the method of manufacturing the pixel TFTs 
(pixel switching elements) and the step for cell assembly 
because they may be carried out using well-known means. 

In Fig. 10, 1000 represents a substrate having an insulated 
surface (a glass substrate having a silicon oxide film provided 
thereon); 1001 represents a pixel matrix circuit; 1002 
represents a scan line driving circuit; 1003 represents a signal 
line driving circuit; 1030 represents a counter substrate; 1010 
represents an FPC (flexible printed circuit); and 1020 
represents a logic circuit. The logic circuit 1020 may be 
formed as a circuit such as a D-A converter, gamma correction 
circuit or signal division circuit having functions which have 
been conventionally substituted by an IC . Obviously, an IC chip 
may be provided on the substrate to perform signal processing 
on the IC chip. 
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While the present embodiment refers to a liquid crystal 
display as an example, the present invention may obviously be 
applied to any active matrix type display such as an EL 
(electro-luminescence) display or EC ( electro -chromics ) 
5 display. 

The present invention may be applied to the manufacture 
of any liquid crystal display whether it is of the transmission 
type or reflection type . A person who carries out the invention 
may choose either of them at his or her own choice . Thus , the 
10 invention may be any active matrix type electro-optical device 
(semiconductor device) . 

The configuration of any of the first through ninth 
embodiments may be used to manufacture a semiconductor device 
as described in the present embodiment, and any combination of 
15 those embodiments may be used. 

An eleventh embodiment of the invention will now be 
described. The invention may be applied to conventional IC 
techniques in general. That is, the invention may be applied 
to all semiconductor circuits currently available on the market . 
20 For example, it may be applied to microprocessors such as RISC 
processors and ASIC processors integrated on one chip and may 
be applied to signal processing circuits represented by driver 
circuits for liquid crystal (D-A converters, gamma correction 
circuits, signal division circuits and the like) and to high 
25 frequency circuits for portable devices (potable telephones. 
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PHS and mobile computers). 

Semiconductor circuits such as microprocessors are loaded 
on various electronic equipments to function as a key circuit . 
Typical electronic equipment include personal computers, 
5 personal digital assistants and all other electronic equipment 
for home use . Computers for controlling vehicles ( automobiles . 
trains and the like) are also included. The invention may be 
applied to semiconductor devices for such purposes. 

The configuration of any of the first through ninth 
10 embodiments may be used to manufacture a semiconductor device 
as described in the present embodiment, and any combination of 
those embodiments may be used. 

A twelfth embodiment of the invention will now be described. 
A CMOS circuit and a pixel matrix circuit formed according to 
15 the invention may be used in various electro-optical devices 
(active matrix type liquid crystal displays . active matrix type 
EL displays and active matrix type EC displays) . That is. the 
invention may be applied to any electronic equipment 
incorporating such electro-optical devices as display media. 
20 Such electronic equipments Include video cameras . digital 

cameras, (rear type or front type) projectors, head-mount 
displays (goggle type displays), car navigation systems, 
personal computers and personal digital assistants (mobile 
computers . portable telephones , electronic books and the like ) . 
25 Figs. HA through 11F and Figs. 12A through 12D show examples 
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of such devices . 

Fig. 11A shows a personal computer which is formed by a 
main body 2001. an image input portion 2002, a display 2003 and 
a keyboard 2004 . The invention may be applied to the image input 
portion 2002, display 2003 and other signal control circuits. 

Fig. 11B shows a video camera which is formed by a main 
body 2101, a display 2102. an audio input portion 2103, 
operation switches 2104, a battery 2105 and an image receiving 
portion 2106 . The invention may be applied to the display 2102 . 
audio input portion 2103 and other signal control circuits. 

Fig. 11C shows a mobile computer which is formed by a main 
body 2201, a camera portion 2202, an image receiving portion 
2203 , operation switches 2204 and a display 2205 . The invention 
may be applied to the display 2205 and other signal control 
circuits. 

Fig. 11D shows a goggle type display which is formed by 
a main body 2301, a display 2302 and an arm portion 2303. The 
invention may be applied to the display 2302 and other signal 

control circuits . 

Fig. HE shows a player utilizing a recording medium on 
which a program is stored (hereinafter referred to as "recording 
medium) and which is formed by a main body 2401 . a display 2402 , 
a speaker portion 2403, a recording medium 2404 and operation 
switches 2405. This device utilizes a DVD (digital versatile 
disc) , CD or the like as the recording medium and can be used 
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for enjoying music, movies and internet. The invention may be 
applied to the display 2402 and other signal control circuits. 

Fig. 11F shows a digital camera which is formed by a main 
body 2501, a display 2502, an eye-piece 2503 . operation switches 
2504 and an image receiving portion (not shown) . The invention 
may be applied to the display 2502 and other signal control 
circuits . 

Fig. 12A shows a front type projector which is formed by 
a display 2601 and a screen 2602 . The invention may be applied 
to the display and other signal control circuits. 

Fig. 12B shows a rear type projector which is formed by 
a main body 2701. a display 2702, a mirror 2703 and a screen 
2704. The invention may be applied to the display and other 
signal control circuits. 

Fig. 12C shows an example of a structure for the displays 
2601 and 2702 in Figs. 12A and 12B. respectively in which 
displays 2601 and 2702 are formed by a light source optical 
system 2801 . mirrors 2802 , 2805 . 2806 and 2807 . dichroic mirrors 
2803 and 2804. optical lenses 2808, 2809 and 2811. liquid 
crystal displays 2810 and a projection optical system 2812 . The 
projection optical system 2812 is constituted by an optical 
system including a projection lens. While an example of a 
three-plate system utilizing three liquid crystal displays 2810 
is described in this embodiment, the invention is not limited 
thereto and. for example, a single-plate system may be used. 
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A person who carries out the invention may provide an 
appropriate optical system such as an optical lens, a film 
having a polarizing function, a film for adjusting a phase 
difference or an IR film in the light path indicated by the arrow 
in Fig. 12C. 

Fig. 12D shows an example of a structure of the light source 
optical system 2801 in Fig. 12C. In the present embodiment, 
the light source optical system 2801 is formed by light sources 
2813 and 2814, a composite prism 2815, collimator lenses 2816 
and 2820, lens arrays 2817 and 2818 and a polarizing conversion 
element 2819. While two light sources are used in the light 
source optical system shown in Fig. 12D, three or four, or even 
more light sources may be used and, alternatively, only one 
light source may be used . A person who carries out the invention 
may provide an appropriate optical system such as an optical 
lens, a film having a polarizing function, a film for adjusting 
a phase difference or an IR film in the light source optical 
system. 

As described above , the present invention has a wide range 
of application and can be used for electronic equipments in any 
field. The configuration of an electronic equipment according 
to the present embodiment may be any combination of the first 
through sixth embodiments, and the embodiments may be used in 
any combination. Electro-optical devices and semiconductor 
circuits according to the seventh through eleventh embodiments 
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may also be freely combined. 

The present invention makes it possible to provide TFTs 
having an LDD structure which has high reproducibility, 
improves the stability of TFTs and provides high productivity. 
5 The use of the invention allows a user to form a desired 

LDD region on both sides or one side of the channel formation 
region of a TFT by determining the design for the second mask 
appropriately in accordance with requirements associated with 
the circuit configuration. For example, it is possible to form 
10 a first n-channel type TFT having a first LDD region with a width 
in the direction of the channel length in the range from 0.5 
to 3 urn and typically in the range from 1 to 2 urn and a second 
n-channel type TFT having a second LDD region with a width in 
the direction of the channel length in the range from 0 . 3 to 
15 2 urn and typically in the range from 0.3 to 0.7 um. 

The masks used to form an LDD structure can be used as they 
are as light -blocking films, thereby protecting the active 
layer especially the channel formation region from 
deterioration associated with light to improve reliability. 
20 TFTs can be manufactured in a short period of time by deleting 
the mask removing step. 

The use of the present invention makes it possible to form 
an LDD region with a number of masks ( seven masks at the minimum) 
as follows which is less than the number of masks required 
25 according to the prior art up to the formation of a source or 
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drain electrode (eight masks at the minimum) . 
Mask No. 1 for forming gate lines 
Mask No. 2 for forming islands 
Mask No. 3 for forming a second mask 

Mask No. 4 for forming a doping mask to provide p-type 
conductivity 

Mask No. 5 for forming contact holes for source and drain 
regions 

Mask No. 6 for forming a contact hole for a gate line 
Mask No. 7 for forming source and drain electrodes 
Since the present invention can be carried out using a 
conventional production line for amorphous silicon TFTs as it 
is only by introducing several devices, there are industrial 
advantages . 

In addition, since masks serve as insulating films at 
intersections between gate lines and other lines, a line 
capacity can be reduced to improve the electrical 
characteristics of a TFT. 

By forming a gate insulating film and a semiconductor film 
into a multiplicity of layers without exposing them to the 
atmosphere, a quite clean interface can be provided between them. 
Especially, since such a configuration makes it possible to keep 
an interface between an active layer and a gate insulating film 
which determines the electrical characteristics of TFTs clean, 
TFTs having less variation and preferable electrical 
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characteristics can be provided. 

The threshold voltage which is a typical parameter of a 
TFT can be in the range from -0.5 to 2 V for an n-channel type 
TFT and can be in the range from 0.5 to -2 V for a p-channel 
5 type TFT. A sub- threshold coefficient (S- value) in the range 
from 0.1 to 0.3 V/decade can be achieved. 
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